We used immunofluorescence staining (monoclonal antibody N45.1) with cytological imprinting to study changes in the intranuclear distribution of 8-hydroxy-2 Ј -deoxyguanosine in renal cells of male Wistar rats after oxidative stress by ferric nitrilotriacetate. In the control proximal tubule cells, small spherical signals were uniformly distributed throughout the nuclei. Under oxidative stress, immunofluorescence intensity was increased, especially near nuclear membrane. In cells with nuclear shrinkage or deformity, intense, diffuse signals throughout the nuclei were observed. Our results suggest that specific nuclear sites are vulnerable to oxidative DNA damage and that diffuse intense signals precede cell death after oxidative stress. (J Histochem Cytochem 47:833-835, 1999) 
8 -Hydroxy-2 Ј -deoxyguanosine (8-OHdG), a hydroxylated product at the C-8 position of 2 Ј -deoxyguanosine produced by reaction with ascorbic acid in the presence of oxygen was first reported by Kasai and Nishimura (1984) . It has been established that either the hydroxyl radical, singlet oxygen, direct photodynamic action, or peroxynitrite is responsible for the formation of 8-OHdG (reviewed in Halliwell and Aruoma 1993) . At present, 8-OHdG is one of the most commonly used markers for evaluation of cellular oxidative stress. Furthermore, a large number of carcinogens, including ferric nitrilotriacetate (Fe-NTA), cause 8-OHdG formation in their target organs (reviewed in Kasai 1997) . This widespread use stems from two reasons: sensitive detection by HPLC with an electrochemical detector (ECD) and its ability to induce G to T transversions in DNA replication (Shibutani et al. 1991) . Despite its widespread use, a question has been raised suggesting artifactual production of 8-OHdG during sample preparation (Lindahl 1993). However, the biological significance of 8-OHdG was further supported by the recent discoveries of repair enzymes for the DNA lesions (MutM homologue) (e.g., Aburatani et al. 1997 ) and the production of a specific monoclonal antibody (MAb) (N45.1; Wako, Osaka, Japan) that can be used for immunohistochemical studies (Hattori et al. 1996; Toyokuni et al. 1997) .
This study was undertaken to examine the intranuclear distribution of 8-OHdG and to confirm the specificity of the antibody. To this end, a prototype free radical-induced renal tubule injury model mediated by Fe-NTA (Toyokuni et al. 1994 ,1997 Toyokuni 1996) was used. Cytological imprinting was applied to normal testis and to normal or oxidatively stressed kidney 3 hr after IP administration of 15 mg Fe/kg Fe-NTA to 5-week-old male Wistar rats (Shizuoka Laboratory Animal Center; Shizuoka, Japan). Renal nuclear levels of 8-OHdG were 1.01 Ϯ 0.18 and 2.60 Ϯ 0.28 (per 10 5 dG; means Ϯ SE; n ϭ 3; unpaired t -test, p Ͻ 0.01), respectively, by the HPLC and ECD method (Toyokuni et al. 1997 ). The cells imprinted on silane-coated glass slides were fixed with 95% ethanol, then exposed to microwave radiation in 10 mM citrate buffer (pH 6.0) for antigen retrieval, subjected to the avidin-biotin complex method (10 g/ml MAb N45.1; streptoavidin-FITC; nuclear counterstaining by propidium iodide), and observed with a confocal laser scanning microscopy at optical slices of 1 m (Fluoview; Olympus).
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During prophase or prometaphase, normal spermatogonia showed 8-OHdG signals solely on the chromosomes, confirming the specificity of MAb N45.1 ( Figure 1D ). Because the major targets in the kidney for oxidative stress by Fe-NTA are proximal tubule (PT) cells (Toyokuni et al. 1994) , we concentrated on those cells at interphase. By Papanicolaou staining, nuclei of the control PT cells presented fine chromatin with either no or one nucleolus ( Figure  1A) , whereas more than half of the nuclei of PT cells after Fe-NTA administration showed chromatin aggregation, nuclear shrinkage ( Figure 1B) , and some-times even vacuoles and deformity ( Figure 1C ). Unexpectedly, nuclei of PT cells in the untreated normal rats showed small, uniformly dispersed spherical patterns of immunofluorescence ( Figure 1E ). Some of the signals were extremely large, but their association with nuclear function and structure requires further investigation. Under oxidative stress, the spherical signals became more intense and larger, especially near the nuclear membrane in the PT cells, which showed little morphological change from controls ( Figure 1F) , and intense diffuse signals eventually covered the entire nucleus in the PT cells showing nuclear deformity and which were expected to become necrotized (Figure 1G) . In the latter cells, DNA integrity and chromatin structure may have been destroyed. Our results suggest that there are specific vulnerable sites for oxidative damage in the nuclei and that intense diffuse nuclear 8-OHdG signals identify cells destined for death. This method may be useful for evaluation of oxidative DNA damage in a number of cytological preparations.
